The topic of arsenic cancer risk assessment, particularly for environmental oral exposures to inorganic, carcinogenic arsenic has recently become the subject of considerable interest and some controversy in both the regulatory and public health communities. For example, the U.S. Environmental Protection Agency (EPA) has indicated its intent under court direction to reevaluate the current drinking water standard for arsenic (1) , with some likelihood of a downward revision of the permissible arsenic concentration. This expected EPA action, in turn, is due at least in part to recent findings (2) (3) (4) (5) of the association of ingested arsenic to internal cancers (i.e., cancers of the bladder, kidney, liver and lung), in a Taiwanese agrarian population and others in which such exposures have produced skin cancer and noncancer effects as reported in a large number of studies (6) (7) (8) (9) . The findings of internal cancers with their more grave consequences for mortality compared to skin cancer have greatly heightened concerns about health impacts and the need for more stringent permissible exposures.
The Taiwanese population noted above, who were exposed to geochemical inorganic arsenic in well water, also makes up the principal epidemiological database for cancer risk assessment of ingested inorganic arsenic by such regulatory agencies as EPA. Effects of such exposures were first described comprehensively by Tseng et al. in 1968 (6) . Various lingering scientific issues about ingested arsenic and its various adverse health effects, including discussion of the Taiwanese data set, have recently been presented (10) . More pointed skepticism and criticisms, mainly directed to the global application of the Taiwanese results with respect to cancer risk estimates, have appeared (11) (12) (13) (14) (15) . These concerns and criticisms appear to collectively support a revisionist position that cancer risk estimates derived from the high inorganic arsenic exposures in Taiwan are probably too high for non-Taiwanese populations for a variety of reasons and that any regulatory decisions based on these data are apt to be unnecessarily stringent.
The topic of risk and revision in arsenic cancer risk assessment has been debated recently in EHP (14) (15) (16) . Carlson-Lynch et al. (14) presented critical commentary on use of the Taiwanese data set for risk assessment at low doses in areas other than Taiwan. This commentary took particular aim at the report of Smith et al. (4) , which estimated rather high internal cancer risk rates using linear dose-response extrapolation from the Taiwan data set, and the review of Hopenhayn-Rich et al. (17) , which showed that detoxification of inorganic arsenic in humans via biomethylation is efficient up to rather high intakes, suggesting that impaired biomethylation and detoxification among the exposed Taiwanese was not necessarily a factor in their cancer rates. A subject of debate, as noted below, is the extent to which methylation/detoxification attenuates cancer risk. Smith et al. (16) rebutted some of the criticisms of Carlson-Lynch et al. (14) which produced, in turn, further discussion by Beck et al. (15) .
Critical comments by Carlson-Lynch et al. (14) , Beck et (19, 20) showing that the fraction of total arsenic that is inorganic arsenic in food crops relevant to the Taiwanese diet was much smaller than reported. The studies are noted below.
Pyles and Woolson (19) (18) focused on the role of arsenic incorporated in food-crop components of diet, they neglected the arguably more relevant issue of arsenic introduced to diet by food preparation. Carlson-Lynch et al. (14) noted the Taiwanese consumed 225 g of rice daily. Assuming the standard cooking water-torice volume ratio of just over 2:1, about 450-550 mL of arsenic-containing well water would be used for cooked rice preparation. This volume is -25% of the EPA generic drinking water intake of 2 L/day and -10% of the 4.5 L/day figure used by EPA in its current Integrated Risk Information System (IRIS) computer file for estimating the cancer risks of inorganic arsenic (IRIS, January 1995 version, National Technical Information Service, Springfield, Virginia). This indirect inorganic arsenic intake from water would reduce the CSF a maximum of 25-30%, a reduction relatively modest compared to the overall uncertainty and variability entering into the exposure assessment and risk characterization process, and much less than the many-fold reduction referred to by Beck et al. (15) .
A fourth question is how tea preparation and consumption from arsenic-contaminated water relates to either reported total inorganic arsenic intakes or total water volume intakes. However, as discussed below, the fractional input of tea to total water intake volume and tea inorganic arsenic to overall daily intake of inorganic arsenic would be accounted for within typical total water intake volumes noted in the literature. That is, inorganic arsenic intake from tea would be subsumed within the category of total water inorganic arsenic intake rather than being additive to it.
Given the above questions, it is certainly premature and inappropriate to use alternative estimates of CSFs to that in EPA's current IRIS file for ingested inorganic arsenic where the alternatives are based on such data as the analytically measured inorganic arsenic levels ofYost et al. (18 Furthermore, a number of studies have shown that adults (30) (31) (32) (33) (34) (35) (36) (37) (38) and children (39) (49) carried out some estimates of dose-variable arsenic methylation, assuming that biomethylation of inorganic arsenic is a saturable process following simple Michaelis-Menten saturation kinetics and that half-saturation occurs at a daily intake of 700 pg/day. Such assumptions as to what would be the half-saturation point are quantitatively simplistic, given that the S-adenosylmethionine-requiring methyltransferases in liver and other tissues have not been fully characterized in terms of inorganic arsenic or MMA as methyl acceptors. We do not have definitive evidence as to whether arsenic biomethylation is a "piggy back" process, biochemically usurping a process or processes intended for other physiological roles, or whether there is a unique methylation process for arsenic. We also do not have a good knowledge of the organellar sites of biomethylation in liver of intact organisms; a few in vitro studies have used cytosolic or mitochondrial preparations as well as liver slices.
Involvement of a liver microsomal methylase could well be that of thiol methyl transferase (TMT; E.C. 2.1.1.9), a broad-acceptor methyltransferase (50) functioning via one of the proposed dithiolic-arsenic intermediates (48) 
Taiwanese Nutritional Status
The report of Engel and Receveur (58) showed that the Taiwanese had intakes of protein and methionine that were above recommended levels, and these nutrients are important to the issue of inorganic arsenic detoxification. Furthermore, the relevance of animal studies of reduced biomethylation with diets restricted in amino acid or protein content to the Taiwanese or other exposed human populations is debatable, due to the actual size of reductions in the methylation-associated diet components compared to Taiwanese intakes. In a study in rabbits by Vahter and Marafante (59) , the methionine-restricted diet contained only about 15% of this amino acid compared to the standard diet. The choline-deficient diet had no added choline versus 1 g/kg choline in the standard formulation, while the low-protein diet was 50% of the standard diet in protein.
Beck et al. (15) Arguments have been advanced that carcinogenic risk from inorganic arsenic is quantitatively linked to biomethylation/ detoxification of inorganic arsenic in humans and that the exposed Taiwanese were in the reduced methylation/detoxification portion of the dose curve. However, some of the arguments advanced to show reduced biomethylation with increasing arsenic intake are not credible. Ongoing studies attempting to quantify this relationship and define a threshold for methylation efficiency have produced a mixed picture. In one study of Nevada residents ingesting arsenic-laced well water at a high average concentration, the fractional distribution of urinary arsenic among forms did not vary compared to lower total arsenic intakes. In other studies, the relative proportion of inorganic arsenic compared to the two combined methylated forms or to total arsenic does not appear to define a clean dose-response relationship or a threshold for methylating efficiency.
One of the more common arguments against use of Taiwanese data in risk assessment is rooted in the claim of alleged nutritional deficiencies in the Taiwanese, with implications for the efficiency of arsenic biomethylation relative to, say, North American populations. However, the report of nutrient intakes among the exposed Taiwanese cited here (58) mndicates that the nutritional status of the exposed Taiwanese, particularly in terms of nutrients associated with single carbon (methyl) metabolism, was sufficient to accommodate the body stores of methyl groups needed for arsenic biomethylation.
At the highest fr~enic level reported, the biomethylation process requires only a percent or so of reported total daily methyl intake, hardly a convincing methyl deficiency situation. A second difficulty with the nutrition argument is a demographic, socioeconomic one; i.e., the assumption that all North American populations exposed to arsenic are composed only of individuals whose nutritional status is superior to that of the arsenic-exposed Taiwanese 
